Local wall thinning and integrity degradation caused by several mechanisms, such as flow accelerated corrosion (FAC), cavitation, flashing and/or liquid drop impingements, are a main concern in carbon steel piping systems of nuclear power plant in terms of safety and operability. Thinned pipe management program (TPMP) had been developed and optimized to reduce the possibility of unplanned shutdown and/or power reduction due to pipe failure caused by wall thinning in the secondary side piping system. This program also consists of several technical elements such as prediction of wear rate for each component, prioritization of components for inspection, thickness measurement, calculation of actual wear and wear rate for each component. Decision making is associated with replacement or continuous service for thinned pipe components. Establishment of long-term strategy based on diagnosis of plant condition regarding overall wall thinning is also essential part of the program. Prediction models of wall thinning caused by FAC had been established for 24 operating nuclear plants. Long term strategies to manage the thinned pipe component were prepared and applied to each unit, which was reflecting plant specific design, operation, and inspection history, so that the structural integrity of piping system can be maintained. An alternative integrity assessment criterion and a computer program for thinned piping items were developed for the first time in the world, which was directly applicable to the secondary piping system of nuclear power plant. The thinned pipe management program is applied to all domestic nuclear power plants as a standard procedure form so that it contributes to preventing an accident caused by FAC. 
Introduction
Wall thinning of carbon steel pipe components due to flow accelerated corrosion, cavitation, flashing, and/or droplet impingement is one of the most serious threats to the integrity of steam cycle piping systems in nuclear power plant.
1) If the thickness of a pipe component were reduced below a critical level, it cannot sustain the operating pressure and consequently leads to leakage or rupture. As shown in Fig. 1(a) for Mihama Unit 3 and Fig. 1(b) for Hanbit Unit 3, even a single event of a high-energy pipe rupture can be a serious accident resulting in casualties and economical loss. Since mid of 1990s, KHNP has conducted a series of studies to develop and optimize the thinned pipe management program which is applicable to all domestic nuclear power plants.
This paper focuses on introduction of the thinned pipe management program and the research activities which were conducted during the latest study to optimize thinned 
THINNED PIPE MANAGEMENT PROGRAM
Korean TPMP consists of several technical items, such as performing FAC model analyses, prioritizing pipe components for inspection, obtaining reliable thickness data, calculating the wear and wear rate, and making decisions regarding replacement necessity or continuous service acceptability based on the remaining life of the component. To make a diagnosis of plant wear level and to set up a long-term monitoring plan is also included. NSAC-202L guideline 2) was used as reference for TPMP and EPRI CHECWORKS TM computer program as a tool.
3) Fig. 2 briefly shows the history of thinned pipe management program in Korea.
History of thinned pipe management program
Through the first study on Kori Unit 3&4, the effectiveness of the management methodology based on NSAC-202L guideline and the usage of CHECWORKS TM program was verified. In the second project for other 14 Units, the thinned pipe management program was developed as a standard procedure. After fatal accident of Mihama Unit 3, KHNP had conducted the third study to optimize the current thinned pipe management program by reflecting the recently presented management guidelines from EPRI, 2) WANO, 4) and INPO. 5) The lessons learned from existing plants have been feed-backed to the units which are under design and construction through material upgrade, schedule change to thicker pipe, establishment of plant FAC model, obtaining of baseline thickness data, and so on.
As illustrated in Fig. 3 , thinned pipe management program consists of several technical items, such as performing FAC model analyses, prioritizing pipe components for inspection, obtaining reliable thickness data, calculating the wear and wear rate, and making decisions regarding replacement necessity or continuous service acceptability based on the remaining life of the component.
Flow Accelerated Corrosion prediction model
The general formula of Chexal-Horowitz FAC model used in CHECWORKS TM is as follows 3) :
Where: WR = wear rate F 1 (T) = factor for temperature effect F 2 (AC) = factor for alloy content effect F 3 (MT) = factor for mass transfer effect F 4 (O 2 ) = factor for dissolved oxygen effect F 5 (pH) = factor for pH effect F 6 (G) = factor for geometry effect
